INTRODUCTION
Bile acids and biliary lipids (phospholipids and cholesterol) are important components in bile. Owing not only to their inherent scientific interest, but also to their contribution to gallstone formation, the processes of biliary lipid secretion have recently become a subject of renewed study.
In experiments with orthograde-venous presentation, the infusion of exogenous bile salts into perfused livers or bile-fistula rats results in increased output of endogenous phospholipids and cholesterol into bile. In the physiological range of bile acid infusion, the output of phospholipids keeps pace with the output of bile acids, and a steady phospholipid/bile-salt molar ratio is maintained close to 0.06 (see Rahman et al., 1986) .
Although the secretion of bile acids thus appears to be coupled to biliary lipid secretion, the actual point of the interaction(s) remains to be established. Lowe et al. (1984) have observed that bile acids are put out into bile before the lipid output and, in other repor-ts, lipid output has been shown to be decreased by several different compounds without influencing the bile acid output (Bellringer et al., 1988a,b) . These findings indicate that bile acids are secreted into the bile canaliculus independent of lipid secretion, and point to the formation of bile acid-biliary mixed lipid micelles probably taking place in the bile-canalicular lumen at a post-secretory stage of bile acid output (see Coleman, 1987a,b) .
In model studies with different bile acids, a pre-lytic removal of lipid from the plasma membrane of erythrocytes has been observed (see Coleman, 1987b) . The immediate origin of the lipid in bile is unknown, but it has been suggested to be derived from specific microdomains of the bile-canalicular membrane, which may be shed into the canalicular lumen as a consequence of a vesiculation initiated by the interaction of bile acids with the membrane (Lowe et al., 1984; Coleman, 1987b) .
Retrograde intrabiliary injection (RII) (Fujimoto, 1982; Olson & Fujimoto, 1979; Peterson & Fujimoto, 1975 ) is a technique which allows introduction of materials into the biliary tree directly; the present paper reports its use to study the effects of presenting bile acids to the bile-canalicular membrane and lumenal contents directly. The nature of the responses to different bile acids, i.e. to a bile acid, taurocholate (TC), to a hydrophilic non-micelle-forming bile acid, taurodehydrocholate (TDHC), and to the detergent CHAPS {3- [(3-cholamidopropyl) (Rahman et al., 1986) .
For the initial 60 min of perfusion, the isolated liver received bile-acid-free perfusion medium; during this period the output of both bile acids and lipids in 3 min bile collections declined to the values indicated at 0 min ( Figs. 1-3 Vanlerenberghe & Cassaigne (1968) . Bile acids in bile were assayed by using hydroxysteroid dehydrogenase (EC 1.1.1.50) as described by Coleman et al. (1979 A 45,l portion of this was administered by retrograde intrabiliary injection as described above. Bile samples were collected at 3 min intervals for radioactivity determination. Perfusion fluid was collected after a single pass through the liver at 15 s intervals for 6 min immediately after intrabiliary injection: it was centrifuged at 1400g for 1 min, and the erythrocyte-free supernatant was taken for radioactivity determination. At 12 min after the injection, the liver was cut out, weighed, homogenized in a Potter-Elvehjem homogenizer, and a small sample was taken for radioactivity counting in a toluene-based scintillant containing Triton X-100/toluene (1: 10, v/v).
RESULTS
Taking into consideration the dead space of the biliary cannula (about 5 ,ul), a total volume of either 40 jdl or 85 ,ul of material was injected manually into the bilecanalicular lumen. The volume of 40 ,tl is approximately the volume of the biliary tree (see the Discussion section).
Effects of taurocholate The bile-flow rate after the intrabiliary injection of TC or saline at 0 min is shown in Fig. 1(a) . A peak of bileflow rate after saline presentation was observed, and is probably related to the distensible property of the biliary tree, such that part of the fluid injected is rapidly returned to the collection tube. A smaller peak was observed when 45 1tl of TC was injected; injection of 90 ,ul of TC caused an even smaller increase in bile flow as compared with the 90 ,ul of saline. After this peak, the bile-flow rates for both saline and 1.3 ,umol of TC returned to basal values, but a further decrease in flow was seen after 2.7 ,mol of TC. Fig. 1(b) shows that bile-acid output after saline injection remained low throughout the collection, whereas after the injections of TC bile-acid output peaks were observed approx. 3 min after injection; the peak then fell abruptly back close to basal values, continuing only slightly above basal values until the end of the experiment. The injection of 0.5 uCi of [14C]TC (1.3 ,tmol) resulted in a recovery of 59.5 o%+3.9o in bile, 10.7 o+1 ±Go in the liver and 12.2 % ± 3 o in the perfusion fluid, with 17.5 % unaccounted for (n = 3), within the time scale of the initial peak (12 min).
The phospholipid output into bile is shown in Fig.  1(c) . After the two different amounts of TC, phospholipid outputs were found to increase, but the output profiles were different. A 1.3 ,umol amount of TC caused approx. 3.5-fold increase in phospholipid output as compared with both the saline control and its basal value; the peak also occurred 6 min after RII, declined slightly and was then maintained at an output of about 2.3 nmol/min. A 2.7 ,tmol amount of TC provoked approx. 7.5-fold increase at the peak, or 3-fold increase as compared with the control or its basal value, respectively. The peak occurred 12 min after RII and then declined slowly to about 3 ,umol/min.
The cholesterol output is shown in Fig. 1(d) ; the lower TC administration produced a small and continuous increase in output as compared with the control, with an apparent small late peak at 24 min, whereas the higher TC administration produced a substantial and prolonged increase; the peak and decline are different from those of phospholipid. Detailed interpretations of the relative output of phospholipids and cholesterol are complicated by the differences in the points at which analyses were made; samples for cholesterol determination were pooled over a 6 min period, whereas those for phospholipid were 3 min samples. Effects of TDHC and CHAPS TDHC (1.8 ,umol) and CHAPS (0.9 /smol) were similarly injected, as described in the Materials and methods section. Fig. 2(a) Fig. 4 ). However, the injection of CHAPS produced not only phosphatidylcholine but also substantial , , , , , , , , , amounts of other phospholipids, i.e. phosphatidyl --5 o 5 10 15 19 24 29 34 39 ethanolamine, phosphatidylserine, sphingomyelin etc. (Fig. 4) . representing partly endogenous bile acid secretion and partly hydroxy derivatives of TDHC. In contrast with the effect of TC, TDHC only caused a small increase in phospholipid (Fig. 2b) . Although the cholesterol amount shown in Fig. 2(c) was higher than the control, its basal value was also higher than the control, and thus TDHC did not appear to elicit appreciable cholesterol secretion when presented to the liver via the biliary tract.
CHAPS caused an increase in bile flow, but this was delayed as compared with the effect of saline (Fig. 3a) . No overall change in bile acid output (Fig. 3b) was observed after CHAPS, but a substantial effect on phospholipid output (Fig. 3c) 
DISCUSSION
In the present report a standard injection solution of 40 ,ul (excluding the 5 ,Il of the biliary cannula) was used; this has been estimated by Olson & Fujimoto (1979) to be the distended biliary-tree volume. Peterson & Fujimoto, 1975; Olson & Fujimoto, 1979; Fujimoto, 1982) . Retrograde injection of bile acid brought about substantial secretion of phospholipid into the bile. Phospholipid secretion is not coincident with the tidal volume of the biliary tree, and reaches a peak some 3-6 min later (Fig. c) . This is reminiscent of the lag time for phospholipid secretion seen in kinetic orthograde venous perfusion experiments (Lowe et al., 1984) . In contrast, the phospholipid secretion peak elicited by retrograde intrabiliary injection of CHAPS (Fig. 3b) is virtually coincident with the tidal-volume peak. The conditions for RII of TC (2.7 /tmol) or CHAPS (0.8 , umol) Vol. 258
The amount of phospholipid secretion elicited by retrograde TC injection is increased with the amount of TC originally presented; the amounts secreted are not linearly related, and thus some form of threshold may be operating. The increased secretion is sustained for a substantial period, i.e. over 40 min, after the original presentation. During this time only a small amount of bile acids is being secreted. The phospholipid bile acid ratio after the secretion varies from about 0.05, before injection, to approx. 0.01 at the tidal volume peak; it subsequently increases to about 0.12 and 0.28, respectively, at peak phospholipid secretion for the two bile acid injection doses. The higher value subsequently declined towards the lower value in the later time periods. These values are considerably in excess of the 0.06 seen during extensive orthograde TC infusion (see Rahman et al., 1986) and must represent the secretion of the phospholipid in the form of material with a relatively high phospholipid bile acid ratio. The concentration of bile acid in the bile in the later stages of the experiment is of the order of 2 mm or less, considerably lower than the critical micellar concentration of TC.
One possibility for the secretion of lipid into the bile is the effect of the amphipathic TC acting as a detergentlike molecule and causing the membrane of the bile canaliculus to vesiculate outwards and release vesicular material into the bile. The need for an amphipathic molecule is shown by the relative ineffectiveness of TDHC in these experiments (Fig. 2) . The detergent molecule CHAPS is capable of releasing lipid into the bile, but in this case the release is rapid and, unlike that provoked by TC, is not prolonged (Fig. 3) .
A further difference between the effects of TC and CHAPS is seen in the nature of the lipids released. TC appears to release phosphatidylcholine [after lipid extractions by the methods of Bligh & Dyer (1959) or of Folch et al. (1957) ], whereas CHAPS provokes the release of a wider population of lipids. Such lipids, phosphatidylethanolamine, sphingomyelin etc., more resemble those of the canalicular membrane, and it may therefore be that CHAPS causes a non-specific vesiculation of membrane in a fairly general sense. On the other hand, TC elicits the release of a unique phospholipid profile which is almost exclusively phosphatidylcholine, and this resembles the pattern of native biliary lipid. The effect of TC in the biliary tree, or on the canalicular membrane, is thus more specific than that of CHAPS, and may thus involve specific micro-domains of the canalicular membrane. There is a delay in the secretion of the lipid, and this delay could be due to the time taken for intercalation into, and subsequent processing of, the membrane by the bile acid.
The secretion of lipid after initial exposure to TC (but not to CHAPS) is continuous, and suggests that somehow the bile acid has signalled the liver cell of its presence and elicited a continuous response. This effect is well documented for orthograde perfusion (see Rahman & Coleman, 1987) . The signalling, when elicited by retrograde injection, may be operating in part extracellularly, i.e. the intercalation into the membrane and the loss of lipid micro-domain, and in part intracellularly, e.g. by intracellular interaction with the cytoskeleton, 'biliary lipid supply vesicles' or with lipid synthesis.
Bile acids are also capable of bringing about the secretion of cholesterol. The effects on cholesterol secretion are, however, somewhat less marked than those on phospholipid secretion.
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